Several types of presolar grains, grains that existed prior to solar system formation, have been found in the fine-grained components of primitive meteorites, interplanetary dust particles (IDPs), and comet samples. Known presolar components have isotopic compositions that reflect formation from the ejecta of evolved stars. Other presolar materials may have isotopic compositions very similar to solar system materials, making their identification as presolar grains problematic. Presolar materials exhibit a range of chemical and thermal resistance, so their relative abundances can be used to probe the conditions in the solar nebula. Detailed information on the relative abundances of presolar and solar-system materials can provide information on the temperatures, radiation environment, and degree of radial mixing in the early solar system.
Introduction
Presolar grains are solid objects that existed in interstellar space prior to the formation of the solar system and have survived within meteorites and comets until the present day to be studied in the laboratory. The study of presolar grains has been mainly the study of isotopic anomalies, which have historically been defined as isotopic compositions that could not have been produced from the solar system composition, as measured in terrestrial and lunar samples and meteorites, by known processes operating within the solar system. The first anomalies of this type were found in noble gases from primitive meteorites (e.g., Turner & Reynolds 1964; Black & Pepin 1969) , although these anomalies were not initially thought of as signatures of presolar materials. Additional discoveries of isotopic anomalies in oxygen (Clayton, Grossman & Mayeda 1973; Clayton et al. 1976 ), hydrogen (e.g., Yang & Epstein 1984 , carbon (e.g., Swart et al. 1983) , titanium (e.g., Niederer, Papanastassiou & Wasserburg 1981) , and other elements eventually led to a consensus that presolar materials were not completely homogenized when the solar system formed. The first presolar mineral grains to be identified were found after a decades-long search for the carriers of anomalous noble-gas components. They were diamond (carrier of Xe-HL; Lewis et al. 1987) , silicon carbide (Ne-E(H) and Xe-S; Tang & Anders 1988 ) and graphite (Ne-E(L); Amari et al. 1990 ). Since these initial identifications, ∼20 presolar compounds have been identified in meteorites and interplanetary dust particles (Table 1) . However, as the abundances clearly show, we have not yet identified a majority of the material that made up the Sun's parent molecular cloud.
Presolar materials can be divided into two types, circumstellar condensates, which formed from the ejecta of dying stars and carry the isotopic signature of nucleosynthesis in the parent star, and interstellar material, which grew from the gas phase in interstellar space, primarily in molecular clouds. Most presolar materials identified in the laboratory are circumstellar condensates, which carry the largest isotopic anomalies relative to solar system materials. Astronomical observations indicate that AGB stars are prolific dust producers. Most of the presolar grains studied to date are from AGB stars, although we note that grains below ∼0.3µm are currently almost impossible to study. Amorphous silicates, Mg-rich crystalline silicates, Al 2 O 3 , and FeMg oxides are observed in the circumstellar dust shells of O-rich AGB stars (Molster et al. 2002; Tielens, Waters & Bernatowicz 2005) . Silicon carbide is observed in C-rich dust from AGB stars (Speck, Barlow & Skinner 1997) . Amorphous silicates and amorphous C have been reported from observations of the interstellar medium (see, e.g., review by Draine 2003 and references therein). In dark molecular clouds, the grains acquire mantles consisting primarily of H 2 O ice but often containing appreciable fractions of CO, CO 2 , CH 3 OH, and other species.
Differential processing of presolar materials in the solar nebula
Presolar materials exhibit a wide range of resistance to heating and chemical processing (Table 1) . This opens the possibility that their relative abundances can be used as probes of conditions in the solar nebula. For example, if a portion of a molecular cloud containing all of the materials in Table 1 (plus many others) is heated to 1000 K, we would expect that the P3 fraction of diamond, graphite, D-rich organics, and some of the poorly crystalline silicates would be destroyed, either through vaporization or through chemical reaction. At higher temperatures, other components would also be destroyed. Heating in a highly oxidizing environment would affect carbonaceous and organic components more than oxides, while reducing environments would increase the survival of carbonaceous and organic components. An initial study of unmetamorphosed chondrites comparing abundances of diamond, silicon-carbide, and graphite in the matrices with the bulk compositions of the meteorites shows a correlation between depletions of fragile presolar components and depletions of volatile and moderately volatile elements (Huss et What can presolar grains tell us about the solar nebula? al. 2003) . This correlation suggests that the presolar grains track the thermal processing in the solar nebula that produced the bulk compositions of different classes of meteorites from molecular-cloud material.
Formation of Organic Compounds
Isotopic and chemical compositions of organic materials in meteorites, IDPs, and comet samples may also provide information about conditions in the solar nebula. For example, dense molecular clouds contain a wide variety of relatively complex organic molecules synthesized by radiation-driven chemistry in the gas phase and in icy grain mantles (e.g., Allamandola, Sandford & Valero 1988) . Some of these molecules, such as those containing the OCN − ion, are more abundant in the spectra of protostars than in the spectra of background stars (Pendleton et al. 1999) , suggesting that radiation-driven chemistry may be enhanced in the immediate vicinity of star-formation. Many molecules synthesized in laboratory experiments simulating conditions in molecular clouds are similar or identical to compounds found in primitive meteorites ). There are clear isotopic signatures (e.g., high D/H) associated with organic molecules produced by radiation chemistry in cold molecular clouds and in dense, cold regions of an accretion disk (e.g., Sandford, . Interstellar grains may be heavily deuterated in diffuse regions (Linsky et al. 2006) , with D presumably present in hydrocarbons, possibly including PAHs (Draine 2006) . Detailed work on organics in meteorites and interplanetary dust particles is just beginning, as new tools become available. Identifying specific molecules that carry extreme isotope anomalies will help identify the chemical pathways of their creation, which in turn will constrain the environment of formation, either in the molecular cloud or in the early solar nebula.
Circulation and mixing in the solar nebula
An a priori knowledge of the types of materials in the Sun's parent molecular cloud provides the basis for which to track circulation and mixing in the solar nebula. Late-stage stars produce both amorphous and crystalline silicates in their outflows. The proportion of crystalline silicates may be anywhere from 5-10% up to as much as 40%, but detection is difficult (e.g., Molster et al. 2002; Kemper et al. 1999) . However, crystalline silicates comprise < 2% of the silicate material in interstellar space (Kemper, Vriend & Tielens 2005) . Crystalline silicates can be destroyed by interstellar shocks and amorphized by cosmic rays, thus reducing their abundance. On the other hand, observations of young stellar systems show that the abundance of crystalline silicates is much higher in the inner disk than in the outer disk, but that even the outer disks show more crystalline silicates than the interstellar medium ). These observations indicate that crystalline silicates are produced in the inner disk and are mixed outward.
Chemical thermodynamics predicts that pure Mg-end-member olivine (forsterite) and pyroxene (enstatite) grains will be the first major silicate phases to condense from a cooling gas of stellar or solar composition (Grossman 1972; Lattimer, Schramm & Grossman 1978) . In contrast, olivine and pyroxene that crystallize from a melt typically contain Fe and other elements. Nearly pure Mg-end-member forsterite and enstatite are observed along with amorphous silicates and Fe-bearing olivine in the matrices of the most primitive chondrites (e.g., Brearley 1993) . Observations of dust released by comets and of porous chondritic IDPs thought to have come from comets also show both crystalline and amorphous silicates (e.g., Wooden, Woodward & Harker 2004; Keller & Messenger 2005) . These data sets suggest that mixing of high-temperature nebular components from the inner to the outer solar system was significant. Transport of high-temperature material to the outer solar system may have occurred via turbulent mixing (Cuzzi, Davis & Dobrovolskis 2003) , by X-winds (Shu, Shang & Lee 1996) , or by other unknown processes. Detailed studies of presolar and high-temperature nebula components in primitive meteorites, IDPs, and comet samples will be critical in interpreting the astronomical observations and in understanding mixing processes in the early solar nebula.
